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Description 

BACKGROUND OF THE INVENTION 

s This invention concerns an improved apparatus and process for melt spinning uniform polymeric filaments, espe- 

cially in the form of continuous filament yarns, by spinning at controlled withdrawal speeds. 

It has long been known that polymeric filaments, particularly lighter denier textile filaments such as polyesters and 
polyamides, can be prepared directly, i.e., in the as-spun condition, without any need for drawing, by spinning at high 
speeds of the order of 5 km/min or more. This was first disclosed by Hebeler in US-A-2,604,667 for polyesters, and 

io by Bowling in US-A-2,957,747 for polyamides. To improve process economics, there has been increased interest in 
the last 1 0 years, in melt-spinning uniform polymeric filaments without sacrificing good properties at the highest spinning 
speeds possible. 

Frankfort et al. in US-A-4, 1 34,882 and 4, 1 95,051 disclose new uniform polyester filaments and continuous filament 
yarns of enhanced dyeability, low boil-off shrinkage and good thermal stability, prepared by spinning and winding directly 

is at withdrawal speeds of 5 km/min or more. The highest withdrawal speed (spinning speed) exemplified is 8000 ypm 
(7.2 km/min). The withdrawal speed is the speed of the first driven roll wrapped (at least partially) by the filaments, i. 
e., the feed roll. When uniform polymeric filaments are desired, such as are suitable for continuous filament yams, for 
example, it is essential to use a roll or equivalent positive means, driven at a constant controlled speed to withdraw 
the filaments, as opposed to an air jet ejector. The latter is satisfactory for some uses, such as non-woven products, 

20 but does not produce filaments that are sufficiently uniform for use as continuous filament yams for most purposes. 

Tanji et al. US- A-4,41 5,726 reviews several earlier references and discloses polyester filaments and yarns capable 
of being dyed under normal pressure, and a process for producing such polyester yarns with improved spinning stability 
at controlled high spinning (i.e., withdrawal) speeds of over 5 km/min. An important element is the subjection of the 
filaments to a vacuum or suction by an aspirator. 

25 Vassilatos in US-A-4, 425,293 discloses an oriented amorphous polyethylene terephthalate textile feed yarn for 

false-twist texturing prepared by spinning polyethylene terephthalate at a speed of over 5000 m/min and quenching in 
a liquid bath to provide filaments having a boil off shrinkage (BOS) of at least 45% and no detectable crystallinity as 
measured by customary X-ray diffraction procedures. The yarn produced has a relatively low elongation to break 
(<30%). 

30 There has also been increased interest in improving productivity of heavier denier (tex), e.g. : industrial, yarns via 

increased spinning speeds without sacrificing good yarn properties. Zimmerman in US-A-3,091 ,015 disclosed a proc- 
ess for spinning heavier tex (heavier denier) (e.g. , 6.6 to 1 3.3 dtex per filament (6 to 1 2 dpf)) industrial yarns at speeds 
of 402 m/min (440 ypm) at the first feed roll to produce the desirable low birefringence yarns needed to obtain good 
mechanical yarn properties after the drawing steps. It would be very desirable from an economic viewpoint to provide 

35 an improved process and apparatus which will remove the spinning speed limitations or raise the plateau which pres- 
ently exists in the low denier textile yarns as well as heavy denier industrial yarns without sacrificing good filament 
properties. However, an article by Professor A. Ziabicki in Fiber World . September, 1984, pages 8-12, entitled "Physical 
Limits of Spinning Speed" questions whether higher speeds can yield fibers with better mechanical properties, and 
whether there are any natural limits to spinning speed which cannot be overcome (concentrating on physical and 

^o material factors only, and excluding economical and technical aspects of the problem). Professor Ziabicki concludes 
that there exists such a speed, beyond which no further improvement of structure and fiber properties is to be expected. 
In the case of polyester textile filaments the maxima appear to Professor Ziabicki to be around 5-7 km/min. This is 
consistent with the results shown by Tanji at speeds up to 9 km/min. For the heavier tex (denier) industrial yarns, 
although no such statement was made, no disclosure in the published literature was found which taught how to raise 

45 the spinning speed plateau for these yams. 

Furthermore, it was found that processes disclosed in the above cited references either did not allow spinning at 
much above the current speeds due to process discontinuity problems or to drastic deterioration of filament properties 
as the spinning speeds increased. 

In contrast to Tanji's disclosure of preparing polymeric filaments by winding at high withdrawal speeds, with an 

50 aspirator to assist the withdrawal of the filaments from the spinneret, there have been several disclosures of preparing 
polymeric filaments by extruding into a pressurized chamber and using air pressure, e.g., an air nozzle or an aspirator 
to withdraw the filaments from the pressurized chamber without use of any winder or other positive ly<Jriven roll to 
advance the filaments at a controlled speed. The resulting filaments have many uses, especially in non-woven fabrics, 
but do not have the uniformity required for most purposes as continuous filament yarns, because of the inherent var- 

55 iability (along the same filament and between different filaments) that results from use of only an air jet to advance the 
yarns, i.e., without a winder or other controlled positive-driving mechanism. Indeed, the resulting filaments are often 
so nonuniform as to be spontaneously crimpable, which can be of advantage, e.g., for use in non-wovens, but is 
undesirable for other uses. 
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US-A-3 707 593 discloses an apparatus and method for manufacturing continuous synthetic polymer filaments 
which are especially useful in the preparation of non-woven products. The apparatus is comprised of an elongated 
closed cylinder which has a spinneret assembly at an upper end thereof, an exit nozzle at a lower end thereol and 
means for introducing a compressed fluid into the interior of the cylinder so as to form a pressurized chamber within 
5 the cylinder. In the method, the polymer is spun into filaments by the spinneret assembly. The spun filaments are then 
cooled and solidified by the compressed fluid in the chamber. Example 1 employs a minimum pressure of 50.7 kPa 
(0.5 atm) above atmospheric. The solidified filaments then exit through the exit nozzle along with a portion of the 
compressed fluid which causes the filaments to be drawn so as to improve their physical properties. 

Accordingly, it was very surprising, according to the invention, to provide an improved process for obtaining poly- 
10 meric filaments and yarns by spinning at significantly higher than conventional spinning speeds, with similar or better 
mechanical properties than has been shown and predicted in the prior art for both light and heavy denier yarns. 

SUMMARY OF THE INVENTION 

15 According to the invention, there is provided a melt-spinning process for spinning continuous polymeric filaments 

in a path from a spinning pack at a spinning speed controlled by a positive mechanical withdrawal means, which 
comprises: directing a gas into a zone enclosing said path, said zone extending from said spinning pack to a location 
between the spinning pack and the positive mechanical withdrawal means; maintaining said zone under superatmos- 
pheric pressure of no more than 1 .96 kPa (0.02 kg/cm 2 ) and increasing the velocity of the gas as it leaves the zone to 

20 a level greater han the velocity of the filaments. 

There is also provided an apparatus for spinning continuous polymeric filaments in a path from a spinning pack to 
a positive mechanical withdrawal means, the improvement comprising: a housing enclosing said path, said housing 
extending from said spinning pack at one end to a a location between the spinning pack and the positive mechanical 
withdrawal means at the other end of the housing; means to supply a gas under superatmospheric pressure to said 

25 housing; a tube having an inlet and an outlet, said inlet being joined to said other end of said housing, said tube being 
a constriction to said other end of said housing; a continuous wall surrounding said tube and spaced therefrom to form 
an annular space surrounding said tube, said wall adjoining said housing; and means for supplying pressurized gas 
to said annular space. 

The means for increasing the velocity of the gas as it leaves the zone may be a venturi, having a converging inlet 
30 and a flared outlet connected by a constriction, with the converging inlet being joined to the other end of the housing. 

Spinning continuity can be improved at these high withdrawal speeds by these means which smoothly accelerate 
the cocurrent air-flow and thereby tension the filaments close to the face of the spinneret. The velocity of air or other 
gas in the venturi may be about one and one half (1 .5) to about one hundred (100) times the velocity of the filaments 
so that the air exerts a pulling effect on the filaments. As a result of the higher velocity and high temperature of the 
35 filaments leaving the venturi, the extent of necking down that would otherwise be normally experienced by the filaments 
at these high speeds is appreciably reduced, so that the filaments are oriented more highly and more uniformly (less 
difference between amorphous sections and crystalline sections). Consequently, the filaments have higher tenacity, 
greater elongation to break and there is better spinning continuity, especially as the withdrawal speed is increased 
beyond 7 km/min. 

40 It is very surprising that it is possible for multiple strands of hot sticky polymer to converge and pass through a 

venturi with a relatively small constriction or a small diameter tube with sufficient stability that they would not stick to 
each other, or adhere significantly to the walls of either. One reason for such success may be the extremely low su- 
peratmospheric pressure in the zone above the venturi or tube. Because of the nature of the strands immediately under 
the spinneret, it is not practical to correct any problem of sticking by means of a guide. If filaments touch each other, 

45 they would be expected to coalesce, as has been taught in the art, and it would be very difficult to separate them. 
Similarly, each time a filament touches the funnel it will leave a polymer deposit, thus further increasing the future 
tendency for sticking. As many as 34 filaments have been spun successfully at 310°C (some 40° above the melting 
point of the polymer) through a constriction about 1 cm in diameter. 

An aspirating jet is preferably used downstream below the venturi to assist cooling and further reduce aerodynamic 

so drag so as to further reduce spinning tension and increase spinning continuity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1. is a schematic elevation view partially in section of one embodiment of the apparatus for practicing the 
55 invention. 

Fig. 2. is a schematic elevation view partially in section of another embodiment of an apparatus for practicing the 

invention. 

Fig. 3. is a schematic elevation view of still another embodiment of the apparatus for practicing the invention. 
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Fig. 4 is a schematic elevation of an improvement made to Fig. 2. 
DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT 

s Referring to Fig. 1, this embodiment includes a housing 10 which forms a chamber 12, i.e., an enclosed zone 

supplied with a gas through inlet conduit 14 which is formed in the side wall 11 of the housing. A circular screen 13 
and a circular baffle 15 are concentrically arranged in housing 10 to uniformly distribute the gas flowing into chamber 
12. A spinning pack 16 is positioned centrally with and directly above the housing which abuts the surface 16a of the 
pack. A spinneret (not shown) is attached to the bottom surface of the spinning pack for extruding filaments 20 into a 

10 path from molten polymer supplied to the pack. A venturi 22 comprising a flared inlet 24 and a flared outlet 26 connected 
by a constriction 28 is joined at its inlet to housing 10. An aspirating jet 30 located downstream of the venturi 22 is 
followed by a withdrawal roll 34. 

In operation, a molten polymer is metered into spinning pack 16 and extruded as filaments 20. The filaments are 
pulled from the spinneret into a path by withdrawal roll 34 assisted by the gas flow through the venturi 22 and the 

*s aspirating jet 30. 

The terms withdrawal speed and spinning speed, and sometimes winding speed are used when discussing Frank- 
fort et al. and Tanji, to refer to the linear peripheral roll speed of the first driven roll that positively advances the filaments 
as they are withdrawn from the spinneret. According to the invention, while the air flow through the venturi 22, and 
through the aspirator 30 is important in assisting withdrawal roll 34 to pull the filaments 20 away from the spinneret, 

20 such air flow is not the only force responsible for withdrawal of the filaments. This contrasts with the prior art such as 
is mentioned above.which uses air flow as the only means of withdrawing and drawing filaments from the spinneret, 
The temperature of the gas in the enclosed zone 12 may be from 5°C to 250°C. The preferred distance between the 
face of the spinneret located at the lower surface of spinning pack 16 and the throat or restriction 28 of venturi 22 is 
from about 15.2 to 152.4 cm (6 to 60 inches). The diameter (or equivalent width of the cross-sectional area) of the 

2S throat or constriction 28 should preferably be from about 0.64 to 2.5 cm (0.25 to 1 inch) but this will depend to some 
extent on the number of filaments in the bundle. If a rectangular slot is used, the width may be even less, e.g., as little 
as 2.5 mm (0.1 inches). If the width is too small, the filaments may touch each other in the nozzle and fuse. If the 
diameter of constriction 28 is too large, a correspondingly large amount of gas flow will be required to maintain the 
desired velocity at the throat and this may cause undesirable turbulence in the zone and so filament instability will result. 

30 The pressure in the housing 1 0 should be high enough to maintain the desired flow through the venturi 22. Normally 

it is between about 0.98 to 1 .96 kPa (0.01 kg/cm 2 to 0.02 kg/cm 2 ) depending on the dimensions, and on the filaments 
being spun, namely the denier, viscosity and speed. As mentioned, a low superatmospheric pressure is important. 

The flared outlet of the venturi 26, should preferably be of length between about 2.5 and 76.2 cm (1 and 30 inches), 
depending on the spinning speed. The preferred geometry of the flared outlet 26 is divergent with a small angle, e.g., 

35 r to 2° and not more than about 10°, so that the converging inlet 24, the constriction 28, and the flared outlet 26 
together form a means for increasing the velocity of the gas as it leaves zone 12. The flared outlet 26 allows the high 
velocity air to decelerate and reach atmospheric pressure at the exit from this outlet without gross eddying, i.e., ex- 
cessive turbulence. Less divergence, e.g., a constant diameter tube may also work at some speeds, but would require 
a higher supply pressure to obtain the same gas flow. More divergence leads to excessive turbulence and flow sepa- 

*o ration. 

Filaments emerging from the venturi are allowed to cool in the atmosphere preferably for a short distance before 
entering an aspirating jet 30 placed at a suitable distance down stream of the venturi 22. Normally neck-draw takes 
place in this zone between the venturi and the aspirating jet 30. It is desirable to separate the aspirating jet from the 
venturi because the amount of air aspirated with the filaments by the aspirating jet may be substantially larger than 

45 the amount of air flowing out from the venturi, and so to avoid a large mismatch in flow rates which would lead to 
turbulence and yarn instability. The function of the aspirating jet is to cool the filaments rapidly to increase their strength 
and to reduce the increase in spinning tension due to aerodynamic drag. 

A finish (anti-stat, lubricant) is applied to the filaments by means of finish applicator 32. This should be downstream 
of the aspirating jet 30, but ahead of the withdrawal roll 34. An air interlacing jet 33 may be used to provide the filaments 

so with coherence, when the object is to prepare a continuous filament yarn. This is located downstream of any finish 
applicator. 

In another embodiment of the apparatus shown in Fig. 2 the means for increasing the velocity of the gas includes 
a housing 50 which forms a chamber 52 supplied with a pressurized gas Q, through inlet conduit 54 which is formed 
in the side wall 51 of the housing. A cylindrical screen 55 is positioned in chamber 52 to uniformly distribute gas flowing 
55 into the chamber. A spinning pack 16 is positioned centrally with and directly above the housing which abuts and is 
sealed to the surface 16a of the pack. A spinneret (not shown) is attached to the bottom surface of the spinning pack 
for extruding filaments 20 into a path from molten polymer supplied to the pack. A tube 56 is joined to the housing 50 
at the outlet end of the housing in line with the path of the filaments. The top of the tube is slightly flared. A continuous 
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wall or second tube 58 surrounds tube 56 and is spaced therefrom to form an annular space 60 surrounding the tube 
56. The wall is joined to the housing 50 at the outlet of the housing. An inlet pipe 62 through the wall 58 provides a 
means to supply pressurized gas Qj to space 60. The operation is similar to that described for Fig. 1 except the with- 
drawal of the filaments is assisted by the gas flow through straight tube 56. The diameters of tubes 56, 58 and the air 
flow rates Q r and Qj are chosen in such a way as to have equal average gas velocity in both tubes. In this manner 
disturbance of the filaments at the exit of tube 56 into the tube 58 is minimized. Furthermore, the tube 56 should be 
well centered and the flow Qj uniformly distributed so that the gas velocity in the annulus 60 between the two tubes is 
the same at any circumferential position. Also, the velocity of the gas in the annulus should be about two (2) times 
greater than the common velocity in the two tubes, but not significantly greater than that. 

Figs. 3 and 4 illustrate embodiments similar to Fig. 2. In Fig. 3 the tube 58 is removed. Operation is in the manner 
described in Example III. In Fig. 4 the wall of the outer tube 58 has a divergent outlet 62. This minimizes turbulence at 
the breakup point of the gas stream outside the tube 58. 



TESTS 

15 

T/E/Mi - tenacity and initial modulus are in grams per denier (gpd) and elongation is in %. 

measured according to ASTM D2256 using a 10 in (25.4 cm) gauge length sample, 
at 65% RH and 2VC 70 degrees F, at an elongation rate of 60% per min. (1 gpd = 
0.88 dN/tex). 

20 Density- determined from density gradient tube experiments by the method of ASTM 

D1 5056-68. 

Birefringence - measured with a polarizing microscope by the Sonarmont method. 

Boil Off Shrinkage (BOS) - measured as described in US-A-4, 156,071 at Column 6, line 51. 

Endotherm - the endotherm (melting point) is determined by the inflection point of a differential 

25 scanning calorimeter curve, using a Du Pont model 1 090 Differential Scanning Cal- 

orimeter operated at a heating rate of 20°C/min. 

EXAMPLE I 



30 Polyethylene terephthalate, having an intrinsic viscosity of 0.63 which is measured in a mixed solution of 1 2 volume 

ratio of phenol and tetrachioroethane, was extruded from a spinneret having 1 7 fine holes of 0.25 mm diameter equally 
spaced on a circumference of a circle of 5 cm in diameter at a spinning temperature of 310°C using the apparatus 
shown in Fig. 1 . The extruded filaments were passed through a cylinder with an inside diameter of 11 .5 cm and a length 
of 13 cm provided immediately below the surface of the spinneret. The cylinder was maintained at a temperature of 

35 180°C and air at the same temperature was supplied through the wire mesh inside surface of the cylinder at the rate 
of 0.13 standard cubic meters per minute (4.5 scfm). The cylinder was connected to a converging tube with a throat 
diameter of 9.5 mm (0.375 a ) located at the end of the tube 30 cm from the spinneret. Beyond the throat is a divergent 
tube (forming a venturi) of 17 cm in length with a divergence cycle of 2°. The heated cylinder is sealed against the 
bottom of spinning block so that air supplied through the cylinder can only escape through the throat of convergent 

40 tube and the venturi. A positive pressure of about 0.15 psi (0.98 kPa = 0.01 kg/cm 2 ) is maintained in the chamber 
below the spinneret. Upon leaving the venturi, the filaments travel in air for about 40-70 cm before entering an aspirating 
jet supplied with air pressure of 20.7 kPa above atmospheric (3 psig). The filaments have a denier of 42.5/1 7 (2.5 dpt). 
1 denier per filament =1.1 dtex per filament The denier was maintained at speeds of 7,000 m/min to 1 2,000 m/min by 
adjusting polymer feed through the spinneret capillaries. Properties of the fibers are shown in Table I. 

45 



TABLE I 



TENACITY AND ORIENTATION OF POLYESTER FIBERS 


Spinning Speed m/min 


T/E/Mj gpd* 


Tenacity at Break gpd* 


Biref 


7,000 


4.4/36/94 


6.0 


0.125 


8,000 


4.7/26/118 


5.9 


0.128 


9,000 


4.9/23/112 


6.0 


0.128 


10,000 


4.7/21/100 


5.7 


0.119 


11,000 


4.7/16/115 


5.5 


0.113 


12,000 


4.5/15/110 


5.2 


0.108 



# 1 gpd = 0.8BdWtex 
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EXAMPLE II 

A commercially available polypropylene (U.S. Steel, Code CP-320D) is melted in a twin screw extruder and spun 
into a 17 filament, 35 denier (3.9 tex) yarn, using the apparatus shown in Fig. 1. Polymer Mw/Mn is ca4, melt flow rate 
is 31 .5, and low shear melt viscosity is about 100 Pas (1000 poises) at 260°C. Spinning temperature (pack) is about 
250°C. Quench air velocity in the venturi jet is 0.20-.23 standard cubic meters per minute (7 to 8 scfm) and the air 
temperature is 23°C. After passing through the venturi, a finish is applied, the yarn is interlaced and then collected. 
Properties are shown in Table II. 



TABLE II 



Spinning Speed m/min 


T(gpd *)/E(%)/Mi(gpd *) 


Density 


Birefringence 


DSC Endotherm °C 


6000 


2.7/125/32 


0.919 


.022 


161.5 


7000 


2.6/114/38 


0.920 


.022 


160.8 


8000 


2.6/96/43 


0.921 


.023 


164.3 


9000 


2.6/80/43 


0.924 


.024 


164.7 



•1 gpd = 0.88 dN/tex 



For comparison, yams are spun under similar conditions but with the housing 1 0 and venturi 22 removed. Properties 
are shown in Table III. 



TABLE III 



Spinning Speed m/min 


T(gpd)/E(%)/Mi(gpd) 


7000 
8000 
9000 


1.8/123/37 

1.8/79/36 

1.9/70/43 



EXAMPLE III 

Polyethylene terephthalate, having an intrinsic viscosity of 0.63 which is measured in a mixed solution of 1 :2 volume 
ratio of phenol and tetrachloroethane, was extruded from a spinneret having 4 fine holes of 0.25 mm diameter equally 
spaced 0.25 cm apart on a straight line at a spinning temperature of 290°C, and at a rate of 3.1 gms per minute per 
hole. The extruded filaments were passed through an air supplying chamber with an inside diameter of 7.6 cm and a 
length of 43 cm provided immediately below the surface of the spinneret. Air of about 20°C was supplied through the 
wire mesh cylinder at the rate of 0.85 scm/min (30 scfm). The bottom of the housing was covered by a plate with an 
opening at its center which allowed a tube with an inside diameter of 1 .25 cm and a length of 5.0 cm to be attached to 
it. The top of the tube was slightly flared as shown in Fig. 3. 

The air supplying chamber is sealed against the bottom of the spinning block so that air supplied through the 
chamber can only escape through the tube at its bottom. The air flow rate was measured and the pressure maintained 
in the chamber below the spinneret was calculated to be about 0.98 kPa (0.01 kg/cm 2 ) above the atmospheric pressure. 
Upon leaving the tube, the filaments travel in air for about 280 cm before taken up by rotating rolls. When the takeup 
speed of the rolls was 5,948 m/min, the velocity of the spinning filaments at the exit of the tube was 1,280 m/min or 
about 19% of the velocity of the air in the tube. Furthermore, the velocity profile of the spinning filaments increased 
smoothly to the final takeup velocity without sign of any sudden velocity change which is known as "neck" formation. 
This is an indication that no significant crystallization took place along the spinning filament. This contrasts the velocity 
profile of the spinning filaments without the tube at the bottom of the air supplying chamber. In the latter case, the 
velocity profile showed a sudden and sharp increase ("neck" formation) from about 1 ,647 m/min to the final velocity of 
5,948 m/min at a distance of about 118 cm from spinneret exit. At the location corresponding to the exit of the tube, 
the velocity of the spinning threadline was about 229 m/min. The takeup speeds of the fibers and their properties are 
shown in Table IV. Finish and mild interlacing were applied to the spinning filaments before they reached the takeup roll. 
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TABLE IV 



Spinning or Takeup 
Speed m/min 


%BOS 


Density gms/m! 


Tenacity gpd* 


% Elongation to 
break 


Modulus gpd* 


6,405 


45 


1.3578 


2.3 


79 


47 


7,320 


32 


1.3563 


2.5 


38 


70 


8,235 


15 


1.3668 


3.0 


31 


75 



*1 gpd = 0.88 dN/tex 



EXAMPLE IV 



Polyethylene terephthaiate, having an intrinsic viscosity of 0.63 which is measured in a mixed solution of 1 :2 volume 
ratio of phenol and tetrachloroethane, was extruded from a spinneret having 17 fine holes of 0.25 mm diameter of 
which seven and ten holes were equally spaced on the circumference of two circles of 3.8 cm and 5.4 cm in diameter 
respectively at a spinning temperature of 290°C and at a rate of 2.5 gms per minute per hole. 

The extruded filaments were passed through an air supplying chamber as described in Example III. The tube 
attached to the bottom of the chamber had an inside diameter equal to 1.27 cm and a length equal to 15.3 cm. This 
tube discharged the gas into a second tube of an inside diameter equal to 1 .9 cm and length equal to 17.8 cm as shown 
in Fig. 2. Additional quench gas of a flow rate Qj equal to 0.70 scm/min (25 scfm)was metered into the tube. The flow 
Q r metered intothe chamber was 0.6 scm/min (20 scf m). Both streams were at about 20°C. The airflows were measured 
and the pressure maintained in the cylinder below the spinneret was calculated to be about 1 .96 kPa (0.02 kg/cm 2 ). 
The filaments exiting the small tube were straight, taut and separate from each other. They remained so even when 
traveling in the larger outside tube as could be observed through the transparent plastic walls of the tube. The improve- 
ment brought about by the outside tube consisted in keeping the filaments straight and separated until they had the 
time to cool more to minimize potential sticking between them upon exiting the large tube where the breakup of the 
exiting gas stream might create turbulence. Furthermore, the use of two controlled gas flows, C^. and Qj, provides more 
process control. It allows control of the spinning filament velocity profile and of its temperature profile as well. For 
example., by adding the second stream Qj, a larger heat sink becomes available for the filaments to cool because the 
gas mass is greater and its temperature does not rise significantly. The takeup speeds of the fiber and their properties 
are shown in Table V. Finish and mild interlacing were applied to the spinning filaments before they reached the takeup 
roll. 



TABLE V 



Spinning or Takeup 
Speed m/min 


%BOS 


Density gms/ml 


Tenacity gpd* 


% Elongation to 
break 


Modulus gpd* 


7,000 


63 


1.3570 


2.4 


65 


41 


8,000 


50 


1.3582 


3.0 


53 


51 


9,000 


21 


1.3688 


3.4 


37 


55 



•1 gpd = 0.88 dN/tex 



EXAMPLE V 



Nylon 66, having a relative viscosity of 55.3, was extruded from a spinneret having 5 fine holes of 0.25 mm diameter 
equally spaced on a circumference of a circle of 1 .9 cm in diameter at a spinning temperature of 290 D C and a rate of 
2.5 gms per minute per hole. The extruded filaments were passed through the air supplying chamber and the two tubes 
attached to it exactly as described in Example IV. The air flow rates Q r and Qj were 0.6 and 0.7 scm/min (20 and 25 
scfm) respectively. Finish and mild interlacing were applied to the filaments. The spinning speeds and yarn properties 
are shown in Table VI. 



TABLE VI 



Spinning or Takeup Speed m/min 


Tenacity gpd* 


% Elongation to Break 


Modulus(i) gpd* 


6,000 


2.4 


95.7 


30.4 


7,000 


2.6 


82.2 


33.2 


8,000 


2.8 


74.3 


34.9 



•1 gpd = 0,88 dN/tex 
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TABLE VI (continued) 



Spinning or Takeup Speod m/min 


Tenacity gpd* 


% Elongation to Break 


Modulus(i) gpd* 


8,500 


2.9 


58.0 


44.9 


9,000 


2.8 


45.5 


41.6 


9,500 


3.0 


44.6 


39.6 



*1 gpd = 0,88 dN/tex 



EXAMPLE Vi 

Polypropylene having a melt flow rate of about 32 was extruded from a spinneret having 5 fine holes of 0.25 mm 
diameter equally spaced on a circumference of a circle 1 .9 cm in diameter at a spinning temperature ol 245°C and a 
rate of 1 .46 gms per minute per hole. The extruded filaments were passed through the apparatus described in Example 
IV. The spinning speed and the airflow rates Q r andQ| are shown in Table VII. The temperature of the air used was 20°C. 



TABLE VII 



Spinning or 
Takeup 
Speed m/ 
min 


Air Flow Rate 
Q r scfm** 


Air Flow Rate 
Qj scfm** 


Density gms/ 
ml 


Tena-city 

gpd* 


% Elongation 
to Break 


Modulus 
9Pd* 


6860 


20 


NA 


0.8813 


1.6 


126 


13 


6860 


20 


25 


0.8918 


1.8 


107 


13 


6860 


25 


32.5 


0.9053 


1.9 


135 


28 



*1 gpd = 0,88 dN/tex 
" 1 scfm - 0.028 scm/min 



The top entry of Table VII represents the control. Only the air supplying cylinder was used in this case with its 
bottom open. No tubes were attached to it. Table VII shows that an increase in tenacity and modulus is realized when 
the device of the present invention is used. 

EXAMPLE VII 

6-6 nylon having a relative viscosity of 60 measured in formic acid was extruded from a spinneret having 1 0 holes 
of 0.25 mm dia equally spaced on a circumference of a circle of 5 cm in diameter at a spinning temperature of 290°C 
using the apparatus shown in Fig. 1 . The extruded filaments were passed through the air supplying chamber maintained 
at a temperature of 1 00°C. Airflow rate was 6 scfm* A positive pressure of about 0. 98 kPa (0.01 kg/cm 2 ) was maintained 
in the chamber. Upon leaving the venturi, the filaments travel in air for about 70 cm before entering an aspirating jet 
supplied with air at 20.7 kPa above atmospheric (3 psig). The denier was maintained at 25 at speeds of 6,000 m/min 
to 1 2,000 m/min by adjusting polymer feed through the spinneret capillaries. Properties of the fibers are shown below 
in Table VIII. 



TABLE VIII 



Spin or Takeup Speed 


T(gpd *)/E(%)/Mi(gpd *) 


Biref. 


6,000 


3.0/94/14 


.0397 


7,000 


2.8/68/14 


.0422 


8,000 


2.9/59/18 


.0438 


9,000 


3.2/55/22 


.0453 


10,000 


2.9/38/25 


.0469 


11,000 


3.2/36/30 


.0480 


12,000 


2.9/27/28 


.0500 



* 1 gpd s 0,88 dN/tex 



Similarly 6-6 nylon having a relative viscosity of 45 measured in formic acid was extruded from the same spinneret 
using apparatus similar to that shown in Fig. 1 . Properties of the fibers are shown below in Table IX. 
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TABLE IX 



5 



Spin or Takeup Speed 


T(gpd*)/E(%)/Mi(gpd *) 


Biref. ! 


6,000 


2.8/68/13 


.038 


7,000 


3.9/52/21 


.045 


8,000 


4.4/47/25 


.047 


9,000 


4.6/40/30 


.049 


10,000 


4.7/38/37 


.050 



*1 gpd = 0,88 dN/tex 



EXAMPLE VIII 



(6-6) Nylon having a relative viscosity of 70 which is measured in a solution of formic acid, was extruded from a 
spinneret having 1 0 fine holes of .30 mm in diameter and 1 .3 mm long on a circumference of a circle of 5 cm in diameter 
a spinning temperature of 300°C. The extruded filaments were passed through a cylinder as described and a venturi 
with an air flow ol 0.17 scm/min (6 SCFM) at 23°C as shown in Fig. 1. Upon leaving the venturi, the filaments were 
collected at 1000 m/min by winding on a cylindrical package. Subsequently orientation of the filaments was determined 
by optical birefrigence. The yam dtex (denier) was 333/10 (300/10). Birefringence was .012. By comparison, filaments 
spun without using the cylinder and venturi of Fig. 1 had a birefringence of .017. The higher value of birefringence 
limits drawability of the yarn to a lower level of draw ratio which, in turn, produces yam with a lower level of tensile 
properties. Alternatively, to produce yarn with a comparable level of properties, the winding speed will have to be 
reduced from 1000 m/min to about 400 m/min if the apparatus of the subject invention is not used. 



Claims 



1 . A melt-spinning process for spinning continuous polymeric filaments in a path from a spinning pack at a spinning 
speed controlled by a positive mechanical withdrawal means, which comprises directing a gas into a zone enclosing 
said path, said zone extending from said spinning pack to a location between the spinning pack and the positive 
mechanical withdrawal means: maintaining said zone under superatmospheric pressure of no more than 1 .96 kPa 
(0.02 kg/cm 2 ) and increasing the velocity of the gas as it leaves the zone to a level greater than the velocity of the 
filaments. 

2. The process of claim 1 , said polymeric filaments being polyester. 

3. The process of claim 1 , said filaments being nylon. 

4. The process of claim 1 , said filaments being polypropylene. 

5. The process of any one of claims 1 to 4, said gas being air, the temperature of said gas being from 5°C to 250°C. 

6. The process of any one of claims 1 to 5 wherein said zone is maintained under a pressure of 0.98 to 1 .96 kPa. 

7. The process of any one of claims 1 to 6, the velocity of the gas leaving said zone being increased from 1 .5 to 100 
times the velocity of the filaments. 

8. The process of claim 3, said spinning speed being at least 7,000 m/min 5 said filaments having a dtex (denier) per 
filament of about 2.77 (2.5). 

9. The process of claim 3, said spinning speed being at least 400 m/min, said filaments having a dtex (denier) per 
filament of at least 22.2 (20). 

10. An apparatus for spinning continuous polymeric filaments in a path from a spinning pack to a positive mechanical 
withdrawal means, which comprises a housing enclosing said path, said housing extending from said spinning 
pack at one end to a location between the spinning pack and the positive mechanical withdrawal means at the 
other end of the housing; means to supply a gas under superatmospheric pressure to said housing; a tube having 
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an inlet and an outlet, said inlet being joined to said other end of said housing, said tube being a constriction to 
said other end of said housing; a continuous wall surrounding said tube and spaced therelrom to form an annular 
space surrounding said tube, said wall adjoining said housing; and means tor supplying pressurized gas to said 
annular space. 

5 

11. The apparatus of claim 10\ said means for increasing the velocity of the gas comprising: a venturi having a con- 
verging inlet and a flared outlet connected by a constriction, said converging inlet being joined to said other end 
of said housing. 

10 12. The apparatus of claim 11, including an aspirating jet located in said path between said venturi and said withdrawal 
means. 

13. The apparatus of claim 10, including an aspirating jet located in said path between said tube and said withdrawal 
means. 

15 

1 4. The apparatus of any one of claims 1 0 to 1 3 wherein the continuous wall extends beyond the outlet end of the tube. 

15. The apparatus of claim 14 wherein the continuous wall has a divergent outlet. 

20 

Patentanspruche 

1 . Schmelzspinnverfahren zum Spinnen von Endlosfaden aus Polymeren in einer von einem Spinnpack ausgehen- 
den Bahn mit einer Spinngeschwindigkeit, die von einer mechanischen Zwangsabzugseinrichtung gesteuert wird, 

25 welches Verf ahren das Einleiten eines Gases in eine diese Bahn umschliessende Zone umfasst, die sich von dem 

Spinnpack bis an eine Stelle zwischen dem Spinnpack und der mechanischen Zwangsabzugseinrichtung erstreckt, 
sowie das Aufrechterhalten eines Uberdrucks von nicht mehr als 1,96 kPa (0,02 kg/cm 2 ) in der Zone und das 
Erhohen der Gasgeschwindigkeit auf einen die Geschwindigkeit der Fasem ubersteigenden Wert beim Austritt 
des Gases aus der Zone. 

30 

2. Verfahren nach Anspruch 1, wobei die Polymerfaden Polyesterfaden sind. 

3. Verfahren nach Anspruch 1, wobei die Faden Nylonfaden sind. 

35 4. Verfahren nach Anspruch 1, wobei die Faden Polypropylenfaden sind. 

5. Verfahren nach einem der Anspruche 1 bis 4, wobei das Gas Luft ist und die Temperatur des Gases 5°C bis 250°C 
betragt. 

40 6. Verfahren nach einem der Anspruche 1 bis 5, wobei die Zone unter einem Druck von 0,98 bis 1 ,96 kPa gehalten 
wird. 

7. Verfahren nach einem der Anspruche 1 bis 6, wobei die Geschwindigkeit des aus der Zone austretenden Gases 
auf das 1,5- bis 100-fache der Fadengeschwindigkeit erhdht wird. 

45 

8. Verfahren nach Anspruch 3, wobei die Spinngeschwindigkeit mindestens 7000 m/min betragt und die Faden eine 
Feinheit von etwa 2,77 dtex (2,5 den) je Faden haben. 

9. Verfahren nach Anspruch 3, wobei die Spinngeschwindigkeit mindestens 400 m/min betragt und die Faden eine 
so Feinheit von mindestens 22,2 dtex (20 den) je Faden haben. 

10. Vorrichtung zum Spinnen von Endlosfaden aus Polymeren in einer von einem Spinnpack ausgehenden Bahn zu 
einer mechanischen Zwangsabzugseinrichtung, mit einem die Bahn umschliessenden Gehause, das sich von dem 
Spinnpack an einem Ende bis an eine Stelle zwischen dem Spinnpack und der mechanischen Zwangsabzugsein- 

55 richtung am anderen Ende des Gehauses erstreckt, mit einer Einrichtung zum Zufuhren eines unter Uberdruck 

stehenden Gases zu dem Gehause, mit einem Rohr mit einer Eintritts- und einer Austrittsoffnung, wobei die Ein- 
trittsoffnung mit dem anderen Ende des genannten Gehauses verbunden ist und das Rohr eine Einschnurung 
gegenuber dem anderen Ende des Gehauses darstellt, mit einer zusammenhangenden Wand, die das Rohr mit 
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10 



15 



Abstand zur Bildung eines das Rohr umgebenden Ringraums umgibt und ausserdem an das Gehause anschliesst, 
und mit einer Einrichtung zum Einleilen von Druckgas in den Ringraum. 

11. Vorrichtung nach Anspruch 10, wobei die Einrichtung zum Erhdhen der Gasgeschwindigkeit ein Venturirohr mit 
konvergierendem Einlass und sich konisch erweitemdem Auslass aufweist, die durch eine Einschnurung verbun- 
den sind, wobei der konvergierende Einlass mit dem anderen Ende des Gehauses verbunden ist. 

1 2. Vorrichtung nach Anspruch 11, mit einer Ansaugduse in der Bahn zwischen dem Venturirohr und der Abzugsein- 
richtung. 

1 3. Vorrichtung nach Anspruch 1 0, mit einer Ansaugduse in der Bahn zwischen dem Rohr und der Abzugseinrichtung. 

14. Vorrichtung nach einem der Anspruche 10bis13, wobei die zusammenhangende Wand sich uberdas Auslassende 
des Rohrs hinaus erstreckt. 

15. Vorrichtung nach Anspruch 14, wobei die zusammenhangende Wand eine sich erweiternde Auslassoffnung hat. 



Revendications 

20 

1 . Un procede de filage a I'etat fondu pour filer des filaments polymeres continus sur un chemin partant d'un bloc de 
filage a une vitesse de filage reglee par un moyen de tirage mecanique positif, qui consiste a diriger un gaz dans 
une zone entourant ledit chemin, ladite zone s'etendant depuis ledit bloc de filage jusqu'a un emplacement situe 
entre le bloc de filage et le moyen de tirage mecanique positif; maintenir ladite zone a une pression superatmos- 

25 pherique de pas plus de 1 ,96 kPa (0,02 kg/cm 2 ) et augmenter la Vitesse du gaz tandis qu'il quitte la zone jusqu'a 

une vitesse superieure a la vitesse des filaments. 

2. Le procede de la revendication 1 , lesdits filaments polymeres etant du polyester. 
30 3. Le procede de la revendication 1 , lesdits filaments polymeres etant du nylon. 

4. Le procede de la revendication 1 , lesdits filaments polymeres etant du polupropylene. 

5. Le procede de Tune quelconque des revendications 1 a 4, ledit gaz etant I'air, la temperature dudit gaz etant de 
35 5°Ca250°C. 

6. Le procede de I'une quelconque des revendications 1 a 5, dans lequel ladite zone est maintenue a une pression 
de0,98a 1,96 kPa. 

^0 7. Le procede de I'une quelconque des revendications 1 a 6, la vitesse du gaz quittant ladite zone etant augmentee 
jusqu'a 1 ,5 a 100 fois la vitesse des filaments. 

8. Le procede de la revendication 3, ladite vitesse de filage etant d'au moins 7000 m/min, lesdits filaments ayant un 
titre par filament d'environ 2,77 dtex (2,5 deniers). 

45 

9. Le procede de la revendication 3, ladite vitesse de filage etant d'au moins 400 m/min, lesdits filaments ayant un 
titre par filament d'environ 22,2 dtex (20 deniers). 

10. Un appareil pour filer des filaments polymeres continus sur un chemin allant d'un bloc de filage a un moyen de 
50 tirago positif, qui comprend un boitier entourant ledit chemin, ledit boTtier s'etendant depuis ledit bloc de filage a 

une extremite jusqu'a un emplacement situe entre le bloc de filage et le moyen de tirage mecanique positif a i'autre 
extremite du boTtier ; un moyen pour envoyer un gaz a une pression superieure a la pression atmospherique dans 
ledit boitier ; un tube ayant une entree et une sortie, ladite entree etant jointe a ladite autre extremite dudit boTtier, 
ledit tube constituant un retrecissement de ladite autre extremite dudit boitier ; une paroi continue entourant ledit 
55 tube et ecartee de celui-ci pour former un espace annulaire entourant ledit tube, ladite paroi etant contigue audit 

boitier ; et un moyen pour envoyer un gaz sous pression dans ledit espace annulaire. 

11. L'appareil de la revendication 10, ledit moyen pour augmenter la vitesse du gaz comprenant : un venturi ayant 



11 



EP0 244 217 B2 

une entree convergente et une sortie evasee reunies par un etranglement, ladite entree convergente etant jointe 
a ladite autre extr6mit6 dudit boTtier. 

12. L'appareil de la revendication 11, comprenant une tuyere aspirante disposee sur ledit chemin entre ledit venturi 
et ledit moyen de tirage. 

13. L'appareil de la revendication 10, comprenant une tuyere aspirante disposee sur ledit chemin entre ledit tube et 
ledit moyen de tirage. 

14. . L'appareil de I'une quelconque des revendications 10 a 13, dans lequel la paroi continue se prolonge au-dela de 
I'extremite de sortie du tube. 

15. L'appareil de la revendication 14, dans lequel la paroi continue pr6sente une extremite divergente. 
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